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(54) Mobile terminal for a wireless telecommunication system 



(57) A mobile terminal for a wireless telecommuni- 
cation system comprises antenna means (12) built in 
said terminal, an output stage (1 0) for providing signals 
to said antenna means (1 2) to be transmitted therefrom, 
measuring means (16) for measuring impedance 
changes of said antenna means (1 2), and control means 
(18) responsive to said measuring means (1 6) for effect- 
ing a predetermined reaction when, as a first predeter- 



mined condition, a signal reflection as measured by said 
measuring means (1 6) is below a predetermined thresh- 
old and at the same time a second predetermined con- 
dition indicative of an increased energy radiation from 
said antenna means (12) is met for the purpose of a re- 
duction of radiation from the antenna means (1 2). In this 
way, a user of the terminal can be protected from exces- 
sive energy radiation into his or her brain. 
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Description 

[0001] The present invention relates to a mobile ter- 
minal for a wireless telecommunication system. 
[0002] In mobile terminals (e.g. mobile phones) for a 5 
wireless telecommunication system (e.g. GSM or UMTS 
system), the specific absorption rate (SAR) value is of 
great interest. It indicates how much energy is absorbed 
in human tissue and especially in the human brain. Or- 
ganizations like FCC (Federal Communications Com- 
mission) define how much energy is allowed to be ab- 
sorbed in human tissue. If a terminal exceeds these val- 
ues, it is impossible to sell the terminal in a region where 
the regulations are mandatory. 

[0003] In the GSM system, for example, which is op- 
erated in a TDM A (time division multiplex access) mode, 
even for a one-slot transmission of signals it may be 
hard to achieve the required SAR values, in particular 
when the SAR values are fairly restrictive. One-slot 
transmission means that the terminal is using only one 
of the time-slots which are provided by the GSM system 
to transmit the signals to another terminal. The problem 
to keep the energy absorption of human tissue below 
the preset limits increases tremendously when a multi- 
slot transmission is envisioned where the number of 
time-slots used for signal transmission is greater than 
one. In a situation where the user is making a phone call 
and holds the terminal at his or her head, the energy 
radiated into the user's brain can be clearly too much 
then, and the allowable SAR values are not met. On the 
other hand, when the user holds the terminal away from 
his head energy radiation into the user's brain may be 
reduced to a tolerable level and even a multi-slot data 
transfer from the terminal to another communication de- 
vice may be acceptable. Thus, the position of the termi- 
nal with respect to the user's body and particularly with 
respect to his head is crucial for whether increased en- 
ergy radiation from the terminal can be accepted or not. 
A typical situation of increased energy radiation from the 
terminal can be, for example, a voice conversation com- 
bined with data transfer in the background which future 
mobile terminals are expected to be capable of. In this 
case, if the data transfer is a pure background process 
running "invisible" to the user, the user will not be aware 
of the increased energy radiation and will keep the ter- 
minal next to his head, thereby unconsciously taking a 
risk of potential health damage. 
[0004] It is therefore an object of the present invention 
to better protect a user of a mobile terminal against po- 
tential health damage in case of increased energy radi- 
ation from the terminal. 

[0005] To achieve this object, the present invention 
provides a mobile terminal for a wireless telecommuni- 
cation system, comprising antenna means built in the 
terminal, and an output stage for providing signals to the 
antenna means to be transmitted therefrom, character- 
ized by measuring means for measuring impedance 
changes of the antenna means, and control means re- 



sponsive to the measuring means for effecting a prede- 
termined reaction when, as a first predetermined condi- 
tion, the signal reflection as measured by the measuring 
means is below a predetermined threshold and at the 
same time a second predetermined condition indicative 
of an increased energy radiation from the antenna 
means is met, for the purpose of a reduction of the ra- 
diation of the antenna means. 

[0006] The solution according to the present invention 
is based on the idea that by measuring the antenna im- 
pedance, e. g. by measuring the signal reflection the po- 
sition of the terminal with respect to the body of the user 
and in particular with respect to the user's head can be 
detected. Usually, the antenna means will be designed 
so as to achieve optimum impedance matching in a par- 
ticular dedicated position of the terminal which is nor- 
mally a position next to the user's head. In this normal 
position of the terminal, only a minimum of the transmit- 
ted RF power is reflected at the antenna means and is 
travelling back toward the output stage. Removing the 
terminal from the head causes an impedance mismatch, 
and the amount of reflection increases. Thus, the 
amount of reflection indicates whether the terminal is 
placed next to the user's body (head) or not. 
[0007] If, through measuring the reflected signals, it 
is determined that the terminal is removed from the head 
(i.e. the signal reflection exceeds the threshold), a situ- 
ation of increased energy radiation from the terminal can 
be tolerated. If, however, it is determined that the termi- 
nal is held close to the user's head (i.e. the signal reflec- 
tion is below the threshold), a suitable reaction is effect- 
ed by the control means in case of increased energy 
radiation, to avoid any harm to the user's health. Wheth- 
er the terminal is transmitting at an increased energy 
level or not is known to the control means from the ter- 
minal's operation mode. 

[0008] Advantageously, the control means adjusts the 
number of used transmit timeslots depending on the hu- 
man tissue proximity in case that the mobile terminal is 
operated in a time division multiple access (TDM A) 
mode. Alternatively, the control means advantageously 
adjusts the output power level depending on the human 
tissue proximity in case that the mobile terminal is op- 
erated in a code division multiple access (CDMA) or a 
frequency division multiple access (FDMA) mode. Fur- 
ther advantageously, the control means is constructed 
or adapted to operate in a TDMA mode and/or CDMA 
mode and/or FDMA mode, i. e. is either a one mode, 
dual mode or triple mode control means. 
[0009] The predetermined reaction may comprise is- 
suing a warning signal to the user of the terminal. The 
warning signal advantageously comprises an acoustic 
signal. The warning feature could e. g. automatically be 
disabled if an external antenna connection is detected. 
Also, the warning could be disabled by the user in a cor- 
responding menu setting. 

[0010] The second predetermined condition may re- 
quire a background data transferfrom the terminal to be 
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performed concurrently to a phone conversation over 
the terminal. Then, the predetermined reaction may 
comprise disabling or reducing the rate of the back- 
ground data transfer. 

[0011] Furthermore, when the telecommunication 
system is operable in a time division multiplex access 
mode providing a plurality of time-slots for signal com- 
munication, the second predetermined condition may 
require the terminal to be operated in a multi-slot trans- 
mission mode. The predetermined reaction then may 
comprise an adjustment of the number of, e. g. reducing, 
used transmission timeslots. 

[0012] Preferably, the threshold is determined de- 
pendant on a power level and/or a multislot class at 
which the output stage is operating. 
[0013] A suited means may be connected between 
the output stage and the antenna means for providing 
information regarding the antenna impedance to the 
measuring means. The means for providing information 
regarding the antenna impedance to the measuring 
means can e. g. be a directional coupler, a bridge con- 
figuration or any other suited means. 
[0014] In the following, the present invention will be 
explained in more detail with reference to the accompa- 
nying single figure 1 in which a block diagram of a pre- 
ferred embodiment of a mobile terminal according to the 
present invention is schematically shown. The terminal 
is a mobile phone for wireless use e.g. in a GSM or 
UMTS telecommunication system. In the block diagram, 
a power output amplifier 10 forming an output stage of 
the terminal outputs RF signals to be transmitted from 
the terminal. For transmitting these RF signals, the ter- 
minal comprises a built in antenna 12 which is part of 
the terminal. The antenna 12 may be a patch antenna, 
a meander antenna or a helix antenna, for example, and 
can extend from the housing or is built in the housing of 
the mobile terminal. The antenna 12 is designed to 
achieve optimum impedance matching and thus mini- 
mum signal reflection when the terminal is held at the 
user's head. 

[0015] Once the user removes the terminal from his 
head, reflection of the RF signals supplied to the anten- 
na 1 2 increases. To detect the reflected signals, a direc- 
tional coupler 14 is provided between the amplifier 10 
and the antenna 12. A measuring circuit 16 measures 
the reflected signals and provides a corresponding 
measurement result to an electronic control unit 18 
which is preferably formed of a microprocessor. The 
measurement result is indicative of the amount of signal 
reflection at the antenna 12. To this end, the measuring 
circuit 1 6 can measure the reflected power or the am- 
plitude of the reflected signals, for example. The control 
unit 18, optionally after analog-to-digital conversion of 
the received measurement result, compares the meas- 
urement result with a predetermined threshold which is 
stored in the control unit 1 8. 

[0016] If the measurement result exceeds the thresh- 
old, the control unit 18 determines that the terminal is 



sufficiently far away from the user's head, and there is 
no risk to harm the user's health even in an operation 
mode of the terminal where signal transmission is per- 
formed at high energy radiation. On the other hand, 

5 when the measurement result is below the threshold, 
the control unit 1 8 determines that the terminal is close 
to the user's head. Then, the control unit 18 checks 
whether the terminal is operated at a level of energy ra- 
diation that might lead to a violation of the SAR values. 

10 In case the terminal is operated at such a level of energy 
radiation (increased energy radiation), the control unit 
18 can effect a warning signal to be output from a suit- 
able warning member20. In the embodiment shown, the 
warning member 20 is a speaker and the warning signal 

is is given as an acoustic signal. The acoustic signal may 
be given only shortly (e.g. in form of a single short beep) 
so as not to disturb a phone conversation going on. Ad- 
ditionally or alternatively, the warning signal may be giv- 
en in a tactile form or even in an optical form. 

20 [0017] The situation of increased energy radiation can 
be a multi-slot signal transmission in a TDMA telecom- 
munication system. Similarly, in telecommunication sys- 
tems using FDMA (frequency division multiplex access) 
or CDMA (code division multiplex access) techniques, 

25 a possible situation of increased energy radiation can 
be a multifrequency signal transmission or a multi-code 
signal transmission where one frequency or code is 
used for voice conversation and another frequency or 
code is used for background data transfer, for example. 

30 [0018] When the control unit 18 issues the warning 
signal, the user can change the position of the terminal 
and/or he may have the possibility to switch the terminal 
from the increased energy radiation mode to a reduced 
energy radiation mode in which the SAR values are not 

35 in danger to be violated and, for example, the back- 
ground data transfer is stopped. Additionally or alterna- 
tively, the control unit 18 may be arranged to automati- 
cally stop the increased energy radiation mode and to 
switch into the reduced energy radiation mode. In this 

40 case it is not even necessary to issuethe warning signal. 
[0019] In a TDMA telecommunication system, the re- 
duced energy radiation mode can be, for example, a 
one-slot transmission mode in which only one time-slot 
is used for signal transmission. Similarly, a reduced 

45 power level can be used as the reduced energy radiation 
mode in a CDMA or FDMA telecommunication system. 
[0020] The amplifier 1 0 may be able to operate at dif- 
ferent power levels. Then, depending on the power level 
of the amplifier 1 0 the power of the reflected signals will 

50 vary. The measurement result is therefore dependant 
on the amplifier's power level, too. To enable the head 
position of the user to be correctly detected at different 
power levels, the threshold is set dependant on the am- 
plifier's power level (as indicated by a dashed line 22) 

55 and is higher at a higher power level of the amplifier 1 0 
and lower at a lower power level. 
[0021] The terminal may have an antenna connector 
24 accessible from the outside for connecting an exter- 
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nal antenna 26 to the terminal. The external antenna 26 
may be, e.g., a car-mounted antenna. An antenna 
switch 28 enables to switch between the built-in antenna 
1 2 and the external antenna 26. The antenna switch 28 
may be controllable by the control unit 1 8. As indicated 
by a dashed line 30, the control unit 18 receives infor- 
mation on whether the external antenna 26 is inserted 
into the antenna connector 24 or not. When the external 
antenna 26 is connected to the terminal and the SAR 
values are in danger to be violated, the control unit 18 
then may effect switching from the internal antenna 12 
to the external antenna 26 so that all of the RF power is 
transmitted from the external antenna 26. This antenna 
switching may be performed in addition or alternatively 
to the issue of the above warning signal and can be used 
to avoid stopping any background data transfer, for ex- 
ample. 

[0022] Furthermore, in case of a warning detailed in- 
formation on the warning may be indicated on a LCD 
display (not shown) of the terminal. Such Information 
can include the reason for the warning, an explanation 
of the background and what to do to resolve the prob- 
lem, for example. The user may be able to clear the dis- 
play by an acknowledgement, e.g. by pressing a partic- 
ular button on the terminal. 



Claims 

1. Mobile terminal for a wireless telecommunication 
system, comprising 

antenna means (12) built in said terminal, and 
an output stage (10) for providing signals to 
said antenna means (12) to be transmitted 
therefrom, 

characterized by 

measuring means (16) for measuring imped- 
ance changes of said antenna means (12), and 
control means (1 8) responsive to said measur- 
ing means (16) for effecting a predetermined 
reaction when, as a first predetermined condi- 
tion, a signal reflection as measured by said 
measuring means (16) is below a predeter- 
mined threshold and at the same time a second 
predetermined condition indicative of an in- 
creased energy radiation from said antenna 
means (12) is met, for the purpose of a reduc- 
tion of radiation of the antenna means (12). 

2. Terminal according to claim 1 , 
characterized in, 

that the control means (18) effects said predeter- 
minded reaction by adjusting the number of used 
transmit timeslots depending on a human tissue 
proximity in case that the terminal is operating in a 



TDMA mode, and/or by adjusting the output power 
level depending on a human tissue proximity in 
case that the terminal is operating in a CDMA or 
FDMA mode. 

5 

3. Terminal according to claim 2, 
characterized in, 

that the control means (18) is adapted to operate 
in the TDMA mode and/or the CDMA mode and/or 
10 the FDMA mode. 

4. Terminal according to anyone of claims 1 to 3, 
characterized in, 

that said second predetermined condition requires 
is a background data transfer from said terminal to be 
performed concurrently to a phone conversation 
over said terminal. 

5. Terminal according to claim 4, 
20 characterized in, 

that said predetermined reaction comprises disa- 
bling or reducing the rate of said background data 
transfer. 

25 6. Terminal according to anyone of claims 1 to 5, 

wherein said telecommunication system is operable 
in a time division multiplex access mode providing 
a plurality of time-slots for signal communication, 
characterized in, 

30 that said second predetermined condition requires 
said terminal to be operated in a multi-slot transmis- 
sion mode. 

7. Terminal according to claim 6, 
35 characterized in, 

that said predetermined reaction comprises adjust- 
ment of the number of used transmit timeslots. 



8. Terminal according to anyone of claims 1 to 7, 
40 characterized In, 

that said threshold is determined dependent on a 
power level and/or a multislot class at which said 
output stage (10) is operating. 

45 9. Terminal according to anyone of claims 1 to 8, 
characterized by 

a means (14) connected between said output stage 
(10) and said antenna means (12) for providing in- 
formation regarding the antenna impedance (1 6). 

50 

10. Terminal according to claim 9, 
characterized in, 

that the means (14) is a directional coupler. 

55 11. Terminal according to claim 9, 
characterized in, 

that the means (14) is a bridge configuration. 
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